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Iicpd(t,d retction; the nuoleue I’s Rh had m known

levtls before this experiment [4], Exunples of

PM
differential cross seotiona ●nd A ValWS with EM
osculations ●re ehaun in Fig.

‘!; *RU :e~::m;l:;●x~riment W-S ●lso os?,ied out on

the first lavel achme I’or I’qc [u], It is

v
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Fig, 4. C~mnplos of doldQ ●nd Ay
‘**Hg(t, a) 18BAu reaction.
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int~roating to ●xaminc tho aystemstics of the
neutron rioh ●lefnenta in this region in light of
these new dhta. Figure 7 conttins the level
sohmea for the low-lying levels of Oty, s t~
Icqc, ,n~ l~SRd fr~ Rofa, [4,25]. The subshell

oloaurt nt Z m 40 is obvious fra this figure which
olctrly ahom the large drop in ●nergy of the g

orbitnl relative to the p in goin: from 99y~(g

~Wb (Z - 39 to Z r 41), ~%ver, ::::~er dramatic
●ffcct occur~ Jt Z w b~, in where a
substantial ~cmrrangment of orbitals takes ~lace
wit~ the 3/Z ●nd 5/2- dropping below tho 9/2 ●nd
1/2 . This trend is rcvora~d agsin in ‘“Rd Were
the normal ordtring for this region is rouun~d. As
s further illustration of the unuausl brhavior of
1’%, the e~nglo hole etmt~s Ihown In this figure

do ~t r~ntain tho ~round stat~ but rather+ the
grOJIti and first oxcitw.1 stat~s have spins 5/2 Bnd
7/2 , rcspeotivcly; those atatca have only ueak
Sin&lo hol~ proton strength ●rvl b~lonq in tht n~nt
shell. Inr’acd , the srrangzment of spin statca as
shown in the systmnatlcs of the ‘Tc ioo:opes in F~g.
8, 1s rcminiaccnt fif s “efonnd nucleus with bands
bei~ bnaed on th@ 5/2+ ●nd the 3/2- states. Such
banjs ❑ight b- baaed oil th~ Nllsaon orbitals
5/2-[4221 arising

‘rem ‘he ‘9/2 “Orrbbiitt;ll ●n:
3/2 [3021 arising from the p
transitional charhctor is still &st*d fo; (his
nUC]GUB ●s the bands do tat hsvc the a~~ b~nd
●ncr~y.

WQ arc owrcntly studying the #yJtM*tiCO of

the Nb-Tc-Rh isotopoa through the (L,a’, reaction in
ordor to plot out the rc~lon of transition whjch
o@@nS to occ~r in th~ neutron rloll lSOtO~CS, ]n
Fig.9 wo show the rcsulto for *1’ ‘t’}SNb to lllus-
trhtt bw t~’ trcrds of the alnglt hol~ ●tror@:h
proctcd with ntutron nunbc! here. There la consi-
drrabl~ contrast here uith the Tc ro#ults illuPtra-
t8d above, First of all, “lib shows B ltrg~ cffrct
duc to Lh@ Ii ■ 56 uubahcll oiosurc in that the

n4 0
1

CHANNELS

Fig, 5. Ilvtj(f,a) loo Rh Bwotrm,



lWQ1
lovrl
#how

Fig. 6, th~plca of do/d O ●nd Ay for the
!lypd(t,a)l~”~ reaction.

aphcing is incrcsstd with ● rcsulti~ sioplar
structure st low ●xci tation, ‘ikl dots not

this fctturc although it ●lm oontalna 56
nw. rons, but rather s~ouo ● ~rmdual increase in
tha ●ncrgy of- th~ 1/2 st:tc ●nd a decremsi~
●ntrgy for 3/2 , 5/2+ and 7/2 statts which follows
tho trrnd of the oth~r iaotop+a. A rtccnt (t, p)

study of tht Mb iaotopcs alno indicsted m Widencc
for tht N J 56 subsh.11 olo~,ir@ ~ich thus S@cms to
disoppoar above Z I ~li

l!x~rimtnts on the Rh isotopes ar~ S1OO under
wny to canplcte this mopping of the dcfotmntion
ro~ion nemr A a 100, The ourront results indicat?
the Omplexity of the phrnm’ocna uith significant
●ffeots dw to the tidition of only onc or tuo
partlclos. This rtqion rcpreaonts ● scvorc
chsllengc to theoretical approaohea because of thin
oanpltx behavior ●md modtls such SB tht IDA [261
must introdw~ additional d~trees of freodti in
order to rtproduoc ●v~n the qualitative trcndc Of
ono ohtin of isotopem.

b, ~’98 !uLe1200W“m

Aa -n illustration Of tht IUOOCSS of th~ (t,P)
reaction in the l“lJdy of neutron rioh nuolci, Tabl~
3 aontslfu the rosultt of #n ●:perlmtnt ls”Pt\t,p)-
t*tpt, u~l~ ● b~m of 17 H*V tritons. Thit is tho

first data obtained on Lht lQV.1 sohm~ for ‘“pt
and tho tsblc illustrat~s the cxt~nnivo dita
Cstsintble by this ttchnique. In thi- •xp-rim~nt

[11] thm 10*1 was tJO c:amino the symm~trlos
prodietod by tho IBA nodol in th~ trmnsltion region
r~prostntcd by th~ h~tvy rare tartha throu~h lesd,
Ths results shw?d olearly the trend towards o

I$+t Ovtr the lighter ~tiibrationm) oharsctor of
isotop@s whioh hove m St-s unstable shin@. of
partiolar lm~rtano~, th..~ n~u dmta ●xtand the
tcht of tho IDA ●odrl inLo the neutron rioh srta
uhtrc the trend townrds vibrational or 8U(3)
@ym9try oIistsm Comparison of the •odt~
pr~dio$ions to the ~ntrgy posltiona of ●xaited O
●nd 2 states snd also uith (t,p) lround sts:o
Oross motiono ylolds a rc]otiv~ly rn~th v~i-tion
—- . . . . . . . . . . ..— . . . . . . . .

Imo

[

SINGLE pARTICLE ENE~GIEs
m“=

\
vERSUS ELEMENT ~

Fig. 7, Systanntioa of proton holo states for *lY,
“)lb, ‘OIRh ●nd ‘ODRh.

of thi~ oxp.oriment warn the lack of obaervmtion of a
psir~ng vibration ntmtc (s search in ●xcitation
●nergy much high+cr than shown in the tnble was retie
for such a O state and not seen). This
nonobstrvation lndioatca tho mall overlap that

l}~pt tranlition~l ground State●xiots betuctn tho
●nd ~h~ sph~rionl pairi~ vibration state.

Tho t~chniqucs described here usi~ ● triton
bean to study neutron rioh nuclei have ●chicvcd
●pprcclsble succcss in both the increaaod ●ccur~cy
of mass measurmcnta ●nd in th? MU spectroscopy of
thcte nuclidos. In ddition to th~ distinct attri-
butes of ● triton b~m, tho pcwcr of the experimen-
tal pro~run discuascd ●bovc lies in th@ us? of D
large solid ●ngle opectrun~ter, ● Q3D, ●nd n
vwicty of fooml plnne dcteotors for this instru-
● ent . Theac detectors hove betn d?slgned to not
only yield ●xcellent cn~rgy resolution but 91B0
p#rtlclo SQlcction and background rejection [?7],
Thlt system is thus mcnabl~ to moro difficult
●xpcrim~nts than those discuss~d her~ ●nd which
lnvolv~ ●ithcr other typta of btms, very low cross
●cotion rosctionx or special torgets,

The fir-t tw of this type of oxpcrimtnts have
bcon in pro~rtss rec~ntly at Los Alamos using ● “C
bcun [28,?91, Th~ prinolple reactions used by the
group eonductin[ theso cxocrimonts ●re the
(l’C, 1%) and (l$C, 1’0) romotlons. Tho first of
those , 0 tko proton pickruD r~action, obviously
rcaohem a mmber ef int~rst,i~ na~tron r?ach nuclei
in D ● aantr ttmiltr to the (t$w resotion dirnusscd
●bovo, Tho a~ound r~aotlon, a double uhar~~
•loh~~~ ramotion, 1s rather txotio b~t potentially
very lnt~rosti~ ● lt hppoors to bc tht only
ilrm!si~ woy to raoo!l oertain eznitl~ nualoi ●,go
l~%cl(l$c,l*())19*~ro The oroos scotions for this

rosctlon rltho~h ntll,
[#]t#)M ●uoh l.rger

●rc larger then Qxpoct@d
thtn the otaptti~ reoction

Thea@ two roaotions offsr #n @loiting
fut~re to th~ study )f neutron rlah IIJO1O1 ●nd the
•ap~rlm~ntal tcohniquss dis.:>s~d abov~ ●re.,. .
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The third MU progrmn rn~ntioncd abOvO involves
the USQ of ●xotio tnrgotn tnd iB discussc~ jn more
detail in a paper by J, Wilhclmy ~lac~ere in this
nonfcrcnce [30], Again one of the principal ●ssets
we hav~ in such ● mu program 18 the cxtrmne arnsl-
‘.lvity of the #pcctrcmeter and detector system ●s
WC1l ●s the specialized barons much as the triton
(~lsrizcd mnd unpolmrizcd), snd “C hems. As far

so neutron rich nuclei whioh oould be studi~d with
the USF of cxotio targets, the outstsndi~ cxmmples
are found fran the tsrg~ts “S1 and c*Fc. ~hcse
targctn Wish arc obtainab:c frtm the LAMPF bcm
stop, ●s dimcusstd in Ref. 30, may be quite Yin ma
●xp@rim@nts with ● littlt as 10-15 ug/m have
bocn cmrriod out, hw~ver, the ivnilmblc materisls
fr@n the IAHPF irrtiistions should, in ~cncrsl,
p~mit much thiokcr target6 thtn ;hst. Plsnned
rxptrimonts on th~ “Si toritt arc the (t,p)
rcoction whioh will rcsch the N m 20 cloacd shell
●t “Si, ●nd the (t$a) rcsc:ion uhlch will mcssurc
tho spectroscopy of IIA1 for th~ first time,

Similsr studies will h mdc on “Fr with the (t,p)
reaction raaohing to I IF@, th~ (t, lH~) r@aCtiOtl tO

the unobs?rvcd nucleus COHn, ●nd the (t,a) r~actlor,
to Ctrnn, ●qain D nucleus with unkmwn spectroscopy.
In Mditi>n to tho Rcncrnl nuslcar physios in!rrcst
in thcs~ nucl~i off the stability line, thwt is
sbccial a~trophymlcs int~reot in th?c? nucle)
topocially in the F@ rc~ion b~csusc of the
nucl~oaynthcsis problma [311. Thcsa ●nd mony
oth~r ●xotic ttr~cts with half-lives mufficirntly
]oN, promis@ to mak? thin ●n oxciti~ field fc-

aane tim~ to om8c,

rig. 8, SYstmDtias of lou-lyinz ststcs in tho TO
imotopsn.
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